Older individuals seem to find it more difficult to ignore inaccurate sensory cues than younger individuals. We examined whether this could be quantified using an interception task. Twenty healthy young adults (age 18-34) and twenty-four healthy older adults (age 60-82) were asked to tap on discs that were moving downwards on a screen with their finger. Moving the background to the left made the discs appear to move more to the right. Moving the background to the right made them appear to move more to the left. The discs disappeared before the finger reached the screen, so participants had to anticipate how the target would continue to move. We examined how misjudging the disc's motion when the background moves influenced tapping. Participants received veridical feedback about their performance, so their sensitivity to the illusory motion indicates to what extent they could ignore the task-irrelevant visual information. We expected older adults to be more sensitive to the illusion than younger adults. To investigate whether sensorimotor or cognitive load would increase this sensitivity, we also asked participants to do the task while standing on foam or counting tones. Background motion influenced older adults more than younger adults. The secondary tasks did not increase the background's influence. Older adults might be more sensitive to the moving background because they find it more difficult to ignore irrelevant sensory information in general, but they may rely more on vision because they have less reliable proprioceptive and vestibular information.
Introduction
To be able to live independently, older adults need to properly integrate sensory information from their environment (Lowry et al., 2012) in order to perform both the basic activities of daily living (e.g. bathing, dressing) (Katz, 1963) and the instrumental activities of daily living (e.g., using a phone, shopping) (Lawton and Brody, 1969) . It has been shown that aging influences sensory integration (for a review, see de Dieuleveult et al., 2017) . Older adults appear to benefit more from multisensory enrichment in their environment than younger adults (Berard et al., 2012; de Dieuleveult et al., 2017; Deshpande and Zhang, 2014; Diederich et al., 2008; Townsend et al., 2006) . However, there is also some evidence that older adults have trouble ignoring clearly irrelevant or unreliable sensory information; they use all environmental information even when it is disrupted or non-informative (distractors) (Berard et al., 2012; de Dieuleveult et al., 2017; Eikema et al., 2014; McGovern et al., 2014; Teasdale et al., 1991) . In general, when performing various tasks, older adults tend to take more time, to be less accurate, and to be more variable than younger adults (de Dieuleveult et al., 2017; DeLoss et al., 2013; Guerreiro et al., 2014 Guerreiro et al., , 2015 Hugenschmidt et al., 2009) . The addition of a secondary task tends to decrease task performance more strongly in older adults than in younger adults (Bisson et al., 2014; de Dieuleveult et al., 2017; Mahboobin et al., 2007; Redfern et al., 2001 Redfern et al., , 2009 . It is well known that the age-related deterioration of, for instance, vision (Kavcic et al., 2011; Owsley, 2011) , joint mobility (Yeh et al., 2015) , muscle force (Cruz-Jentoft et al., 2010) , and balance (Teasdale et al., 1991) all decrease performance of the activities of daily living. How changes in sensory integration influence age-related decline in activities of daily living is less well researched.
Vision guides goal-directed reach movements towards moving targets (Brenner and Smeets, 2015; Brouwer et al., 2002 Brouwer et al., , 2003 Kavcic et al., 2011) . When judging the target's motion, one could simply rely on the target's retinal slip together with extra-retinal information about eye, head and body movements, but one might be able to improve the precision by assuming that the environment is stable. The relative motion between target and background provides information about target motion that is insensitive to eye or body rotations, with background motion possibly being interpreted as optic flow due to our own motion (Brenner and van den Berg, 1996) . However, if the background is moving, relying on such relative motion will lead to systematic errors. When it is clear that the background is moving, and feedback provides evidence that relying on motion relative to the background is not justified, it would therefore be beneficial to refrain from relying on relative motion to increase precision. Berard and collaborators found differences between younger and older adults in the ability to down-regulate the influence of such visual information (Berard et al., 2012) in a walking task. Older and younger participants were asked to walk in a straight line in physical space while viewing a 3D scene in a helmet-mounted display unit. Three conditions were presented: one in which the visual scene corresponded with their motion without any visual perturbation, one with no visual input at all, and one with a visual perturbation whereby the focus of expansion of the scene in the visual device gradually rotated to the right or left. They found that younger adults were able to down-regulate the visual information in the perturbed condition, while older adults were not and consequently showed larger deviations in their walking trajectory even though performance was as good as that of young adults when no or only correct visual information was presented. They concluded that old age affects the ability to ignore wrong visual information.
Here we investigate whether this effect generalizes to another paradigm, namely the paradigm of Brouwer et al. (2003) . In that study, young participants were asked to hit a disc as quickly and accurately as possible with a rod. The disc was going downward on the screen in one of five different directions. In half of the trials the disc disappeared after 150 ms. In half of those trials the background was static. In the other half the background moved to the left or to the right. The background's movement created an illusion of motion called the Duncker illusion (or induced motion) (Duncker, 1929) . The object appears to move differently due to movement in its surrounding (Soechting et al., 2001; Zivotofsky, 2004) . Brouwer and collaborators showed that the moving background induced systematic interception errors in accordance with partially relying on the relative motion between the target and the background (systematic errors opposite the direction of background motion). These results are similar to the ones of Berard et al. (2012) in that motion of a large scene induces a deviation of the participants' responses.
As far as we know, the effect of age on the influence of a moving background in interception has not been investigated before. We expect the background motion in our experiment to induce systematic interception errors in the opposite direction to the background motion (as seen in Brouwer et al., 2003) if the background is moving when the target appears. We might expect this effect to be larger for older adults than for younger adults, because, as explained earlier, older adults seem to have trouble ignoring irrelevant visual information (Berard et al., 2012; de Dieuleveult et al., 2017) . However, it is well known that older adults have poorer visual object recognition, acuity and contrast sensitivity (Bennett et al., 2007; Owsley, 2011; Pilz et al., 2010) . Older adults also have higher motion detection thresholds and they are less accurate in discriminating direction and speed (Atchley and Andersen, 1998; Bennett et al., 2007; Conlon et al., 2017; Norman et al., 2003; Pilz et al., 2010; Snowden and Kavanagh, 2006; Trick and Silverman, 1991) . Thus, older adults might rely on vision less than younger adults (as seen in Ramkhalawansingh et al., 2017) . This makes it not a priori obvious that older adults will respond more to visual information in all situations. Aging is also known to affect various cognitive, somatosensory and muscular systems (Cruz-Jentoft et al., 2010; Vernooij et al., 2016; Yeh et al., 2015) , resulting in a loss of behavioral adaptability and a decline in the range of movements that can be made (Newell et al., 2006; Vernooij et al., 2016) . It also affects cognitive functions such as attention and memory (Christensen et al., 1994; Glisky, 2007) , and older adults have been shown to have difficulties accurately performing multiple tasks at the same time (Bisson et al., 2014; de Dieuleveult et al., 2017; Mahboobin et al., 2007; Redfern et al., 2001 Redfern et al., , 2009 We therefore expected older adults to also show degraded overall performances in our task, especially when confronted with a secondary balance or cognitive task.
Our main interest was whether older adults would be more susceptible to background motion, and whether any such deficit correlates with performance on well-known clinical tests that we also performed, such as the Modified Clinical Test of Sensory Interaction and Balance (m-CTSIB) and the Short Physical Performance Battery (SPPB), or with their score on the Instrumental Activities of Daily Living scale (Lawton and Brody, 1969) . A larger effect of background motion in the presence of a secondary task might reveal compensatory mechanisms that normally help to reduce deficits caused by being unable to ignore irrelevant information.
Finally, we examined susceptibility to a second influence of moving the background: a tendency to temporarily move in the same direction as the background if the background abruptly starts to move when the arm movement is already underway. This effect does not depend on the direction of target motion or whether the target is moving at all Smeets, 1997, 2015; Saijo et al., 2005) . In our experiment, such background motion would give rise to a deviation in the opposite direction than that caused by a background that is moving when the target appears. Finding no difference in susceptibility between young and old adults for such background motion would indicate that the difference in performance between older and younger adults in the interception task is specific to judgments of the target's motion.
Material and Methods

Participants
Twenty-four older adults (60-82 years old, mean age 67 ± 6.40 years, nine women) and twenty younger adults (18-34 years old, mean age 25.2 ± 5.45 years, 11 women) participated in the study. They were recruited via the participant pool of TNO Soesterberg and received a monetary compensation for their participation and travel costs. All participants were naïve with respect to the purpose of the experimental manipulation (background motion) and signed an informed consent form. Participants self-reported being righthanded, having normal or corrected-to-normal vision (participants were asked to put on their glasses or contact lenses if needed) and hearing (hearing was checked by the examiner before doing the experiment by asking the participants whether they heard the low and high tones), and not having been diagnosed as having a vestibular or balance dysfunction, psychiatric symptoms, or musculoskeletal or neurological problems. They self-reported to be in relatively good health during the two weeks prior to the experiment and on the day of the experiment. None of the participants had cognitive impairments as verified by the Mini Mental State Examination (MMSE) used as a screening test with a cut-off score of 24 (Dick et al., 1984) . The score range of participants in the MMSE was from 24/30 to the ceiling score (30/30) with a total of 15 participants that did not reach the ceiling level. The study is part of the European Union's Horizon, 2020 research and innovation program and was approved by the TNO Institutional Review Board.
Stimuli and Materials
During the experiment, the stimuli were projected (InFocus DepthQ Projector; resolution: 800 × 600 pixels, 120 Hz) onto a 117.9 × 89.5 cm back-projection screen (Techplex 150, acrylic rear projection screen) that was tilted backward by 30°. At the beginning of each trial, participants started with their finger on a home position, which was a green disc with a diameter of four centimeters situated 30 centimeters below the center of the screen (i.e., at coordinates (0, −30) in cm from the center of the screen; see Fig. 1 for an overview of the stimulus lay-out). After a random time between 600 and 1200 ms a target (a black disc with a diameter of six centimeters) appeared on the screen. The target started 20 cm above the center of the screen (0, 20) and moved towards the bottom of the screen with a vertical velocity of 50 cm/s and one of five different horizontal velocities (−24, −12, 0, 12 or 24 cm/s). The target was visible for 150 ms and then disappeared. For the five different target motion directions, the disappearing points relative to the center of the screen (0, 0) were: (−3.6, 12.5), (−1.8, 12.5), (0, 12.5), (1.8, 12.5) and (3.6, 12.5). The targets and the home position were presented on a background of white and blue squares that formed a checkerboard that filled the whole screen. The squares' sides were five centimeters long. For the targets moving in an oblique direction (horizontal velocities: −24, −12, 12 or 24 cm/s), the background started to move at 12 cm/s to the right or the left as soon as the target appeared. For targets going straight downwards (horizontal velocity: 0 cm/s), the background started to move with a speed of 12 cm/s to the right or the left, 250 ms after the target had appeared, which was 100 ms after the target had disappeared. An infrared emitting diode (IRED) was placed on the participant's right index finger and was tracked at 500 Hz by an Optotrak (Northern Digital, Waterloo, ON, Canada). Taps were detected using a threshold deceleration of 50 m/s 2 , which has proven to be a very reliable method (Brenner and Smeets, 2015) . Auditory stimuli were presented to the participants by a computer situated to their right. The computer presented sequences of low and high tones (250 Hz for 100 ms for 60% of the tones; 1 kHz for 500 ms for the remaining 40%). The intervals between the tones were drawn from a uniform distribution from 2 to 6 s. These stimuli were always presented, but participants only had to pay attention to them in the condition in which they had to count the tones. The block of foam on which participants had to stand in the balance condition and in one of the pretests had a length and width of 40 cm, a height with no load of 15 cm, a height of about 10 cm when compressed by the weight of a participant, and a density of 35 kg/m 3 .
Design
The interception task in the baseline condition was similar to the task in Brouwer et al. (2003) . Participants were free to move their head, but they were either sitting on a high chair or standing on a block of foam. The chair and the foam were placed in a position from which the participant could easily reach all relevant parts of the screen. Consequently, the participants' eyes were at a distance of about 60 cm from the screen (so 1 cm is about one degree of visual angle). They had to hit the moving virtual targets (that had disappeared after being visible for 150 ms) as quickly and as accurately as possible with their right index finger. Participants received feedback about their performance after hitting the screen. If they hit the target, the target reappeared and remained static at the position that it had reached at the time of the hit. If they missed, the target reappeared and moved in the opposite direction of the error. Thus, for instance, if the participant hit to the right and below the real position of the target, the target would reappear and move upwards and to the left. Such feedback might help participants learn not to rely on the background. Beside the baseline condition, there were two other conditions.
In the balance condition participants were standing on a compliant surface (the above-mentioned block of foam) rather than sitting. This makes it more challenging to maintain one's posture while making the required hitting movement. In the counting condition, participants were sitting but had to remember the number of high and low tones that they heard. These two secondary tasks are expected to stress different processes of integration; one is mainly cognitive (counting) and one is more proprioceptive (balance). We examined whether the additional challenges affect older participants more than younger participants.
Protocol
Participants first performed four standardized clinical tests that are currently used to gauge mental and physical fitness of older adults. Participants were screened for cognitive impairments with the MMSE (Dick et al., 1984) , for sensory integration and balance deficits with the m-CTSIB (Horn and Scherer, 2015; Shumway-Cook and Horak, 1986) , for lower limb physical functioning dysfunctions with the SPPB (Guralnik et al., 1994; Pavasini et al., 2016) and for difficulties in performing instrumental activities of daily living with the Instrumental Activities of Daily Living scale (Lawton and Brody, 1969) . The pretests were done in the same order for all participants, with the physically demanding tasks done before the non-physically demanding ones to avoid fatigue effects carrying over to the interception task. The order was the following: m-CTSIB, SPPB, MMSE and instrumental activities of daily living questionnaire. A regular chair was used for chair stand tests, the abovementioned block of foam to perturb balance and a 4 m long walking course (indicated by pieces of tape on the floor) to assess gait speed in the SPPB.
Before doing the interception task, participants were provided with written instructions regarding the entire task and procedures. The task was to hit the targets with their finger as quickly and accurately as possible. After reading the instructions, the examiner showed the participants how to do the interception task. Participants then performed a practice session while sitting in front of the screen. The practice session consisted of ten trials (two trials for each of the five possible directions of target motion) with the target remaining visible during the entire trial and an unlimited number of randomized trials with the target disappearing after 150 ms. They were asked to practice until they felt comfortable with the task. Once they indicated that they had practiced enough the actual experiment was done. The examiner ensured that participants were able to hear the tones before starting the experiment. The computer delivering the tones was moved closer for participants having trouble to hear the tones (two participants). The three conditions (baseline, balance, counting) were presented in random order. Each condition contained 95 trials: five additional practice trials without any background motion (one trial per direction of target motion, presented in random order) and 90 experimental trials. In the 90 experimental trials, the background moved to the left in 45 trials (nine trials per direction of target motion) and the background moved to the right in the other 45 (nine trials per direction of target motion). The three blocks were separated by short breaks during which participants read the instructions for the following condition. Participants were also allowed to take breaks at any time during the experiment. At the end of the counting block, participants had to report the number of high and low tones they had heard during the block. We used these values to ensure that they were doing the secondary task properly.
Data Analysis
Several dependent variables were extracted from the Optotrak data. In the data analysis, younger adults were compared to older adults; left background motion was compared to right background motion; and the balance and counting conditions were compared to the baseline condition.
Direction Error
The direction error is the angle in degrees between the direction in which the target was actually moving and the direction in which we infer that the participant considered it to be moving. The latter direction was judged from the position of the target after 150 ms, when it disappeared, and the position that was tapped (see Fig. 2 ). A tapping error to the left (as shown in the example given in Fig. 2 ) was considered to be negative. We determined the mean direction error for each participant, experimental condition and direction of background motion. The direction error is our main dependent variable.
Standard Deviation of Direction Error
To examine whether there were any differences in performance variability between the age groups and conditions we also examined the standard deviations of the direction errors. To avoid considering biases that depend on the direction of target motion as additional variability, we determined the standard deviation for each subject, condition, direction of background motion and direction of target motion (horizontal velocities of −24, −12, 12 and 24 cm/s), and then averaged the standard deviations across the four directions of target motion.
Hit, Miss and 'No Tap' Trials
As an additional overall measure of performance we determined the number of hits and misses. Trials were considered to be hits if the relevant part of the participant's finger hit the screen within 3 cm of the center of the target. They were considered to be misses if the participant failed to hit the target. In 'no tap' trials the screen was either not hit by the participants' finger at all, was tapped after the target left the screen (more than 1100 ms after it disappeared), or was not tapped hard enough.
Average Time to Tap, Reaction Time and Movement Time
The reaction time is the time between the presentation of a stimulus (target appearance) and the moment we were certain that the finger was moving (speed threshold of 0.3 m/s). The movement time is the time between this moment and the moment that the finger hit the screen. The time to tap is the sum of these two times: the time between the presentation of a stimulus and when the finger hit the screen.
Statistical Analysis
We considered effects of age group (older adults and younger adults), background motion (left and right) and condition (baseline, counting and balance). For our main question we used a three-way ANOVA to evaluate how the direction error depends on age group, experimental condition and background motion. We expected to find a main effect of background motion, but were interested in determining whether there was a significant interaction between age group and background motion (possibly indicating that the background motion had a stronger effect on older adults), whether there was a significant interaction between condition and background motion (indicating that the secondary tasks influence the effect of the background motion), and whether there was a three-way interaction (possibly indicating that older adults are more susceptible to the background motion under certain conditions). Some additional tests were conducted to evaluate the other variables.
The normality of distribution of the residuals and the equality of the variances between the groups and conditions were tested with the MATLAB functions qqplot and vartest2, respectively. If these parameters appeared to be normally distributed we used ANOVAs to examine main effects and interactions and t-tests to evaluate specific comparisons (such as whether a significant effect of condition was due to a difference between the baseline and the counting condition or to a difference between the baseline and the balance condition). If the residuals were not normally distributed or the variances were not equal, non-parametric tests were used: the Mann-Whitney U test (unpaired samples, two tailed p-value) for differences due to age, and the Wilcoxon signed-rank test (paired samples) for differences between conditions. Bonferroni corrections were used to adjust p-values when doing multiple comparisons. All significant effects (p < 0.05) are reported. Significant differences are represented with asterisks in the figures; *: p < 0.05; **: p < 0.01; ***: p < 0.001.
Results
Participants
No participant was excluded from the study because of a low MMSE score or failing on any of the other clinical tests. Three participants, one younger adult and two older adults, were excluded from the analysis because they had not counted the tones during the counting condition. Three older adults were excluded from the analysis because their performance was very different from the others. While the other participants' direction errors were all between −10 and +15 degrees, these participants' mean direction errors were up to −25 and +70 degrees, although they did not score differently from the other older adults in the pretests. Looking at the tap positions per participant revealed that these three older adults tended to tap where the target disappeared rather than where it would be at the time of the tap. We interpret this as them not having understood the task properly.
Counting Tones
Participants were asked to report the number of tones at the end of the counting block. The reported number provided the examiner with an impression of how well the participant had adhered to the secondary task. The task must have been challenging, because almost all of the subjects gave a slightly incorrect answer. Further evidence that the counting task was challenging is that the number of no taps was larger for the counting task condition than for the other conditions (see later in the results). Figure 3 shows direction errors in degrees. The expected effect of the direction of background motion is clearly visible: participants have a more positive direction error when the background moves to the left than when the background moves to the right [F (1, 216) = 39.71, p < 0.001]. This effect is stronger for older adults than younger adults [interaction between age and background motion: F (1, 216) = 9.63, p = 0.002]. Increasing the difficulty of maintaining balance (standing on foam rather than sitting) and having to count tones while performing the task had no systematic effect on the direction error: 
Direction Errors
General Performance Measures
Standard Deviation of Direction Error
The standard deviations of the direction errors were significantly larger for the older adults in all experimental conditions and both for leftward and rightward background motion (Mann-Whitney U test: all p < 0.01), indicating that the older participants' performance was more variable than that of the younger participants. The standard deviations of direction error did not differ significantly between the experimental conditions for either the leftward or rightward background motion for either group (Wilcoxon signed-rank tests: p > 0.05), except in the older adult group where the standard deviation was significantly larger in the counting condition than in the baseline condition for leftward background motion (Z = −2.95, p = 0.025). Figure 1 shows the average position of the tap for each group of participants (young, old), experimental condition (baseline, balance, counting), background motion (left or right) and background timing (starting to move immediately or after 250 ms). The figure shows that older adults move less far from the starting point and tap closer to the center of the screen than younger adults. If this undershooting bias results from the older participants moving less far than they intended to move, independently of any judgment of target motion, we will even be underestimating the influence that the background had on the older participants' responses, because any direction differences are reduced by such a bias (for our starting point).
Tapping Positions
Percentage of Hits and Number of 'No Tap' Trials
Not surprisingly, considering the tendency to undershoot the target's path (Fig. 1) , the larger systematic errors introduced by the background motion (Fig. 3 ) and the larger variability (Fig. 4) , older participants hit fewer targets than younger participants ( Older adults also had a higher number of 'no tap' trials than younger adults [this was significant in the balance and counting conditions (Mann-Whitney U test: both p < 0.001) but not in the baseline condition; p = 0.11].
Average Times
The average time to tap depended on the condition [F (2, 113) = 13.11, p < 0.001] but there was no significant effect of age [F (1, 113) = 2.69, p = 0.104] or significant interaction between age and condition [F (2, 113) = 0.2, p = 0.82] (Fig. 6) Error bars represent the standard error of the mean between subjects. The average time to tap was shorter in the balance condition and longer in the counting condition than in the baseline condition. The reaction time and movement time showed a similar pattern of results between the conditions. The movement time was shorter for older adults. p = 0.004]. There was no interaction between age and condition [F (2, 113) = 0.61, p = 0.5]. The movement time was shorter for older adults, and it too was shorter in the balance condition and longer in the counting condition than in the baseline condition. Figure 7 shows the direction errors in degrees for the condition in which the target moved straight downward and the background started to move 250 ms after the target appeared, i.e., 100 ms after it had disappeared. The expected effect of the direction of background motion is clearly visible: participants have a more positive direction error when the background moves to the right and more negative errors when the background moves to the left (Wilcoxon signed-rank test: all p < 0.01 except for the comparison of left and right background motion for the balance condition in older adults, where p = 0.053). This effect is clearly not stronger for older adults than for younger adults, but the converse is also not significant (Mann-Whitney U test: p > 0.05 Figure 7 . Direction error in degrees according to age group, experimental condition (baseline, balance and counting) and background direction of motion (left or right) for targets moving vertically (horizontal velocity: 0 cm/s) and for a background motion starting at 100 ms after the target had disappeared. Error bars represent the standard error of the mean between subjects. Subjects hit too far to the right when the background moved to the right and too far to the left when the background moved to the left, i.e. an effect opposite of the illusory direction of motion effect. Here there is no difference between age groups. MT: Movement time; RT: reaction time.
Late Background Motion
Direction Errors
for all the three conditions). Increasing the difficulty of maintaining balance (standing on foam rather than sitting) and having to count tones while performing the task had no systematic effect on the direction error; no significant differences were found for older adults nor for younger adults between the balance and baseline conditions and between the counting and baseline conditions for left-and right-moving backgrounds (Wilcoxon signed-rank test: all p > 0.05). Figure 8 shows the timing of the response of the hand to abrupt background motion 250 ms after the target appeared. This figure shows that the initial response to the background's motion is also no larger for older adults than younger adults. Older adults might have slightly longer latencies. There is no evident difference between the responses for the different conditions.
Hand Velocity
Pretests Results
All the participants were at ceiling level for the m-CTSIB (score 120/120). The score range of participants in the SPPB was from 10/12 (one participant) to the ceiling score (12/12). Seven participants had a score of 11/12. The differences between participants in this test were due to the chair stand test. All Figure 8 . Average lateral hand velocities of the subjects (cm/s) relative to the time of background motion onset (ms) for younger and older adults. Older adults' responses to the late background motion are not larger than the ones of younger adults. the participants were at ceiling level in the instrumental activities of daily living questionnaire (score 8/8) meaning that they had no problems performing the activities of daily life.
Discussion
Effects of Age
The present study aimed at investigating whether older adults were affected more by task-irrelevant background motion in an interception task than young adults, and whether this difference became more prominent under more demanding conditions. Older adults were indeed more susceptible to the background motion. Their overall performance was also poorer: their direction errors were more variable, they successfully hit the target in fewer trials and they had a higher number of 'no tap' trials. Older adults responded as quickly as younger adults, and moved slightly faster. Moving faster might partly explain older adults' larger variability of direction errors. However, the fact that older adults were not faster than younger adults in the counting condition while they had the same difference in variability as for the other conditions, suggests that a speed accuracy trade-off can only play a rather minor role. The age-related differences in the effects of background motion on the interception task are consistent with the results of previous studies (for a review see de Dieuleveult et al., 2017) and particularly with the results of Berard and collaborators (2012) who found a similar increase in sensitivity to inappropriate optic flow. However, in our experiment, both young adults and older adults were affected significantly by the background motion, while only older adults were affected in Berard's experiment.
In the present study we focused on the use of information that was clearly inaccurate as indicated by the feedback. This intuitively led to the expectation that participants should have avoided using any information that is affected by the background motion. The effect of background motion presumably arises from the way in which information for judging the target's direction of motion is acquired. In principle, motion of the target in space could be acquired by combining motion of the target's image on the retina with information about changes in the eye's orientation in the head and changes in the orientation of the head (Nakayama, 1985; Schweigart et al., 2003) . However, one could also rely on the surrounding being static, as it usually is, and also use the relative motion of the target's retinal image and that of its surrounding to estimate the target's motion in space. Using the relative motion in this way, rather than only using information that relies heavily on extra-retinal information, means that one will be fooled if the background is moving (Brenner and van den Berg, 1994) , because background motion will be interpreted as optic flow due to our own motion, but it will increase the precision whenever the background is not moving. With age, the decline in the resolution of information from the eye muscles and from the vestibular system might be more severe than the decline in the visual resolution. If so, giving more weight to relative motion when one is older might be optimal in terms of minimizing the variability in performance (Ernst and Banks, 2002; Van Beers et al., 1999) . Thus, the stronger influence of the background in older adults may be due to a decline in the resolution of proprioception and of the vestibular system, rather than to a deficit in combining sensory information. One might be surprised that even our younger participants continued to rely on the background being static despite the feedback. However, in a study in which providing feedback certainly shifted the weights given to cues (Van Beers et al., 2011) , the cue that was inconsistent with the feedback was still not ignored altogether.
Figures 7 and 8 show that older adults are not always more susceptible to the effects of background motion than are younger adults, which supports the idea that the difference in performance is specific to judgments of the target's motion. Still, given earlier studies that support the idea of older adults generally having trouble down-regulating non-relevant or misleading information (Berard et al., 2012; de Dieuleveult et al., 2017; Eikema et al., 2014; McGovern et al., 2014; Teasdale et al., 1991) , we do not think that the effects of aging are specific to judging the direction of target motion.
Effects of Additional Tasks
The two secondary tasks had no effect on the direction error or the variability of direction error in either age group. This is not in accordance with our hypothesis and previously reported effects (Bisson et al., 2014; de Dieuleveult et al., 2017; Mahboobin et al., 2007; Redfern et al., 2001 Redfern et al., , 2009 ). The time that it took to make the movements was shorter in the balance condition than in the baseline condition. Perhaps the movement was easier to make when standing, or perhaps there was more reason to be fast when one's posture was less stable. It took longer to make the movements in the counting condition, in which the percentage of hits was smaller and there were more 'no tap' trials. That the counting condition was more difficult than the two other conditions is supported by the observation that in this condition some older participants tended to tap the home button instead of keeping their finger on it, even after the experimenter remarked about this. The older participants may have been unduly affected by this task because we did not systematically adjust the volume to the subjects' hearing. Although the volume was quite high, some people reported having difficulties hearing the sounds, in which case we moved the computer that generated the sounds closer to them. In sum, our results were not indicative of a (resource-dependent) mechanism in the older participants that could help counteract the effect of background motion.
Correlations With Clinical Measures
This study is a first step towards using the influence that background motion has on manual interception as an indicator of problems or upcoming problems in activities of daily living. All our participants turned out to have very high scores in the pretests, so at present we cannot look into correlations between performance on this task and problems in activities of daily living. This is partly due to the way we selected our participants. First of all, most of them were in their sixties, so they were quite young older adults. Secondly, in order to perform the experiment, participants needed to be able to come to the testing location (VU, Amsterdam), which required a good level of mobility. Considering that we did find an overall effect of aging on the susceptibility to background motion in the present study, future research will use a portable setup to be able to include a group of older adults with difficulties in the clinical measures in addition to healthy, mobile older adults to test for correlations. A reliable correlation opens the way to develop a toolkit for the early detection of problems in the older adults population.
Limitations
One observation that has to be taken into account when interpreting some of the differences in performance is that most of the older adults tapped the screen with their hand completely open, while all of the younger adults tapped with their fist clenched and only their index finger extended towards the screen. This might be because older adults are less used to interacting with touch screens (even though the screen used in the present study was not a touch screen, the interaction is the same). Most of the older adults initially tapped really hard on the screen, and we had to tell them that they did not need to tap that hard (to avoid injuries and fatigue). Changing the way they tapped may have increased the difficulty of the task for older adults compared to younger adults. Moreover, some of the younger participants were students of human movement science, who may be particularly good at performing this kind of task. Thus both groups of participants may not be completely representative of the age group, with a possible bias towards good performance. However, while these differences in strategy between younger and older adults may have affected the main effect of participant group, they cannot explain the differences in background motion effects between the groups.
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